Introduction
Erdheim-Chester disease (ECD) was first described by Jakob Erdheim's pupil William Chester in 1930 [1] . It is a rare multisystemic, non-Langerhans histiocytic disorder derived from the monocyte-macrophage lineage. These histiocytes infiltrate tissues forming sheets of foamy histiocytes with surrounding inflammatory cells and fibrosis. The non-Langerhans cell express surface markers of CD 68 and do not express CD1a or S100 found in Langerhans cell histiocytosis. Typically tissue from ECD patients have CD 68 + CD1a -S100 -expression [2] . ECD mainly affects men with a mean age of 55 years [3] . A delay in diagnosis of months to years is not unusual [4] . We describe a case with extensive multisystem involvement including cardiac and endocrine manifestations, and its response to high dose pegylated interferon (INF)-α.
Case Report
A 55-year-old gentleman was admitted to Singapore General Hospital in June 2013 with a one-year history of shortness of breath, bilateral knee pain, and weight loss. Examination revealed upper and lower eyelid xanthelasmata, bilateral gynecomastia, bibasal fine crepitations, hepatomegaly, and lower limb edema up to mid shin bilaterally. Cardiovascular examination was unremarkable.
Laboratory investigations performed were as follows: hemoglobin 11.5 g/dl; erythrocyte sedimentation rate (ESR) 100 mm/hr; C-reactive protein 53 mg/L; albumin 29 g/L; alanine aminotransferase of the thorax, abdomen, and pelvis showed a right pulmonary mass interposed between the middle and lower lobes and hepatomegaly. A CT guided biopsy of the right pulmonary mass revealed fibrous tissue with scattered chronic inflammatory cells and absence of malignant cells.
Positron emission tomography (PET)-CT scans revealed extensive symmetrical fluorodeoxyglucose (FDG) uptake at the diametaphyseal regions of both upper and lower extremities and coarse trabecular pattern in both humeral heads, right clavicular head, greater trochanters of both femurs, bilateral femoral condyles, tibiae, fibulae, calcanei, and tarsal bones. There was also presence of soft tissue thickening encasing the pericardium, thoracic aorta, coronary arteries including the left main, left circumflex and right coronary arteries, left kidney and left renal artery and vein, retroperitoneum, and around the superior mesenteric artery. There was no FDG avid abdominopelvic lymphadenopathy, focal hypermetabolic lesion seen in the liver, spleen, pancreas, gallbladder or adrenals. Pulmonary involvement was present, showing few small volume mildly FDG avid mediastinal lymph nodes in the prevascular and pericarinal stations and marked pleural and interstitial thickening throughout the lung fields with nodular mass-like consolidation along the right inferior oblique fissure. The imaged head and neck showed physiological tracer uptake in the brain, small volume bilateral cervical nodes with mild FDG uptake which was probably reactive in nature. The nasopharynx, or oropharynx, hypopharynx and thyroid gland appear unremarkable. These findings are illustrated on table 1.
A CT guided biopsy of the right supracondylar femur showed intertrabecular fibrosis with small clusters of CD 163 and CD 68 immunopositive foamy macrophages. No giant cells, eosinophils, or features of Langerhans cell histiocytosis were present. S100, CD 1a immunostaining were negative, and BRAF v600e was positive. These features were consistent with ECD. A two-dimensional echocardiography performed showed a normal left ventricular ejection fraction of 70% with a right atrial mass of 2.5 × 1.3 cm at the posterior wall and another at the lateral wall, which was not visualized on the PET-CT performed. During the course of his stay, a pacemaker was inserted as he developed ventricular fibrillation and bradycardia with sinus pause associated with multiple episodes of syncope.
Upon histopathological confirmation of ECD, the patient was given subcutaneous peginterferon-α of 180 mcg once/week and prednisolone of 1 mg/kg/day. After 3 months of treatment, his shortness of breath and joint pain resolved. Repeat laboratory test showed declining ESR of 29 mm/hr and a repeat PET-CT scan showed significant improvement in pericardial soft tissue thickening encasing the thoracic aorta and coronary arteries, with skeletal lesions also showing quantitative reduction of the metabolic activity ( Figure  3a and Figure 3b ) and no new hypermetabolic lesions. (Table 1) . A repeated two-dimensional echocardiogram 18 months later showed regression of the right atrial mass (Figure 4a, Figure 4b , Figure 4c and Figure 4d ).
Discussion
ECD is a rare multisystem disease of unknown pathogenesis [5] . The most common site of infiltration is at the long bones, which are found in 96% of patients with ECD, of whom up to 50% suffer from bone pain [4] . Extraskeletal manifestations are not unusual as the reported frequency of cardiac involvement is as high as 70%, central nervous system 15-25%, renal involvement due to pseudoretroperitoneal fibrosis up to 30%, pulmonary 22%, exophthalmos 27%, and mucocutaneous involvement 28%, respectively [6] [7] [8] . A definite diagnosis of ECD is reliant on histological and radiological confirmation. In our patient, this was confirmed on tissue biopsy which showed infiltration by foamy histiocytes nested among polymorphic granuloma and fibrosis or xanthogranulomatosis with immunostaining of CD 68 + and CD1a -. The diagnosis was further supported by strong uptake of the distal ends of femur and humerus on Tc99m bone scintigraphy. The use of bone scintigraphy is essential in diagnosing ECD as it provides an overview on the site of skeletal involvement and enable biopsy to be performed at the optimal site. In recent years, it has been considered as a possible diagnostic criterion for ECD as majority of the patients with ECD fulfils the typical skeletal findings of symmetrical and increase uptake on the diaphyseal and metaphyseal regions of the long bone [7] .
This case illustrates the unique endocrine presentation with empty sella syndrome and involvement of anterior pituitary, sparing the posterior lobe. Although central diabetes insipidus has been reported to be the most frequent endocrine manifestation seen in ECD, this was not the case in our patient [9] . To date, only one other case describes an ECD patient with empty sella syndrome [10] . Recently, earlier recognition of ECD and treatment has improved the mortality rates of the disease. In a series of patients studied in 2004, cardiovascular involvement carries a poor prognosis with mortality as high as 60% and a mean survival of 19.2 months after diagnosis [11] while a recent study in 2011 showed a more favorable outcome in patient with CNS involvement with mortality rate of 26% and fiveyear survival rate of 68% after treatment with IFN-α [3] .
We chose to treat with prednisolone 1 mg/kg/day as it better controls the symptoms of the disease [12] . However, an observational cohort study done by Arnaud et al. concluded that there was no survival benefit in patients treated with corticosteroids [3] . High dose pegylated IFN-α of 180 mcg/week was started as opposed to 'standard' low dose IFN-α of 3 mIU 3x/week as Haroche et al. concluded that standard dose IFN-α was ineffective [13] . The efficacy of high dose IFN-α was confirmed by Hervier et al. who followed disease progression of 24 patients who received high dose IFN-α ≥ 18 mIU/wk or pegylated IFN-α ≥ 180 mcg/wk. Disease improvement was defined by combined morphological and clinical improvement. Morphological improvement was defined as reduction of tissue infiltration and decreased FDG-PET uptake, while clinical improvement was defined as a decrease in cutaneous and orbital infiltration, pelvic, and bone pain, respectively. Stabilization of disease was defined by a lack of change in clinical and morphological entity [14] . The study concluded that 16 patients (67%) had improvement (46%) and stabilization (21%) of the disease. Of those patients, pituitary and cardiac improvement was observed in 29% of them [14] . Similarly, treatment with high dose pegylated IFN-α resulted in improvement of osteosclerotic lesions in the long bones and pericardial soft tissue thickening with normalization of ESR (18 mm/hr) in our patient. He did not suffer any side effects of asthenia, myalgia, pruritus, thrombocytopenia, and depression from the treatment.
Another promising treatment for patients with refractory ECD is the inhibitor of BRAF v600e mutant, vemurafenib. BRAF is a protooncogene which directs cell growth. Mutation of BRAF is related to tumors with abnormal cell growth [15] . BRAF v600e mutations were identified in 51-54% of the tissue samples of patients with ECD via pyrosequencing [16, 17] . However, using different techniques, Cangi [18] . These findings were further confirmed by use of droplet digital polymerase chain reaction detection of BRAF v600e [18] . Therefore, they hypothesized that potentially all patients with ECD might have the BRAF v600e mutation. Traditionally, vemurafenib is used in patients with melanoma and hairy cell leukemia as it has been shown to improve survival in these diseases [19] . Haroche et al. treated three ECD patients refractory to IFN-α with vemurafenib, with significant clinical and radiological (PET-CT) improvement at one month and four months post-treatment [20] . The dose administered was 1920 mg/day and tapered to 960 mg/day from day 30. All the patients treated suffered cutaneous reaction with erythema, pruritus, and keratosis pilaris, thereby limiting prolonged use at high dose [21] . Nonetheless, it remains a promising alternative in patients with life threatening disease who are refractory to standard treatment. Other alternatives include systemic chemotherapy with vinblastine and etoposide, which are agents used in treatment of Langerhans cell histiocytosis [21] . Use of anakinra (interleukin 1 inhibitor), [22] imatinib, [23] cladribine, [24, 25] cyclopshosphamide, [26] and infliximab, [27] have also been reported.
There are several challenges in identifying disease severity and progression in ECD radiologically and serologically. The reason is because there are limited data on what is the "ideal" modality for radiological assessment and there is no single biomarker to assess severity or progression. A recent study published by GarciaGomez et al. suggested the use of bone scintigraphy and PET-CT at baseline and follow-up. At baseline, these modalities help to locate site of involvement for optimal biopsy and evaluates the extension of disease while at follow-up, it helps to evaluate response to treatment and monitor disease involvement [28] . Nevertheless, PET-CT has its limitations when assessing organ specific disease as sensitivity can varies from 4.3% to 78.3% on the organ studied while maintaining high specificity [29] . For instance, assessment of cardiac disease with cardiac MRI versus PET-CT yielded a specificity of 100% and sensitivity of 9.1% with a positive predictive value of 100% and negative predictive value of 28.6% at diagnosis and at follow-up [29] . The use of PET-CT showed a much lower sensitivity when compared to cardiac MRI as pseudotumours of the heart are often masked by physiological uptake present in the myocardium [29] . Therefore, PET-CT may serve to be a better modality for follow-up use than initial assessment due to the low sensitivities. However, its role as a tool for initial assessment and follow-up should be considered as it provides a global assessment of the extent and severity of the disease. In our case, PET-CT was chosen as the follow-up modality as our patient has a pacemaker that is MRI incompatible.
There is no specific serological marker in identifying disease activity or severity. C-reactive protein has been used as a surrogate marker for this purpose [7] . Specific markers could be identified if the underlying pathogenesis of the disease and the downstream cytokines produced by mutated and non-mutated histiocytes can be elucidated. The use of LNA-pyrosequencing DNA technique in detecting patients with BRAF v600e mutations at diagnosis may prove to be a rapid, sensitive, and specific diagnostic tool in ECD. Further prospective studies are needed for validation of this test so that we can better understand if BRAF v600e mutation may be the pathogenic culprit of ECD. This will enable targeted treatment and improved outcomes.
Conclusion
ECD is a complex multi-system disease that is difficult to diagnose. To date, there is no proven cure for the disease and effective treatments are lacking. We need to further understand disease pathogenesis and the natural course of the disease so that we can diagnose early, prognosticate, and improve treatment in this group of patients.
